Simian virus 40 DNA sequences, integrated on human chromosome 7 in two transformed human-mouse hybrid somatic cell lines, were mapped to a specific chromosomal locus by in situ hybridization. To detect the integrated viral DNA by in situ hybridization, we increased the sensitivity of the technique by using as a probe 125I-labeled simian virus 40 cRNA (2 x 109 to 3 x 109 dpm/p.g) prepared by in Our objective in this study was to map to a specific chromosomal locus by in situ hybridization the SV40 nucleic * Corresponding author. acid integration sites in two transformed human-mouse hybrid somatic cell lines. These hybrids have been shown to contain the entire mouse chromosome complement, but only one human chromosome, chromosome 7, to which the integrated viral genes were assigned (11, 36). Characterization of the SV40 DNA sequences in these cell lines by blot hybridization indicated that these two clones were derived from transformed human cells in which the viral DNA had become integrated at different sites on human chromosome 7 (5). We confirmed that these two cell lines were different clones by karyological analysis and by blot hybridization. To detect the SV40 nucleic acid integration sites by in situ hybridization, we increased the sensitivity of the technique.
The covalent integration of simian virus 40 (SV40) nucleic acid sequences into the genome of infected cells is the critical event responsible for persistence of viral transformation (33) . The molecular mechanism by which SV40 DNA sequences integrate, however, remains unclear. One approach to understanding how integration occurs and how it affects the subsequent expression of both viral and host genetic information is to define the locus and arrangement of SV40 DNA sequences in different SV40-transformed cell lines.
Genetic analyses and nucleic acid hybridization studies have implied that SV40 DNA integration sites are apparently distributed in a random arrangement throughout the genome of transformed cells. Fusion of normal mouse cells with SV40-transformed human cells to produce stable hybrid somatic cell lines, in which human chromosomes have been preferentially eliminated, has permitted the assignment of integrated SV40 genes to specific human chromosomes. SV40 DNA and viral proteins have been shown to segregate, depending upon the hybrid cell line, with human chromosomes 5 (20) , 7 (11, 36) , 8 (22), 12 (10) , and 17 (27) , although the assignment to chromosome 8 has been disputed (10) . Blot hybridization studies with different cell lines have revealed that the junction points between host and viral DNA map at different sites on the SV40 genome and that the number and arrangement of integrated viral genes may be different (3, 21) . Direct sequence analysis of the integrated viral DNA and its host flanking sequences demonstrated that there is no homology between viral DNA sequences and host flanking DNA sequences (32) . There is, however, some evidence for specificity of integration. Analysis by blot hybridization of the integrated viral DNA sequences in a series of rat cell lines that were independently transformed by SV40 under conditions in which the physiological state of the cells was similar revealed identical patterns in several transformants (28) .
Our objective in this study was to map to a specific chromosomal locus by in situ hybridization the SV40 nucleic * Corresponding author. acid integration sites in two transformed human-mouse hybrid somatic cell lines. These hybrids have been shown to contain the entire mouse chromosome complement, but only one human chromosome, chromosome 7, to which the integrated viral genes were assigned (11, 36) . Characterization of the SV40 DNA sequences in these cell lines by blot hybridization indicated that these two clones were derived from transformed human cells in which the viral DNA had become integrated at different sites on human chromosome 7 (5) . We confirmed that these two cell lines were different clones by karyological analysis and by blot hybridization. To detect the SV40 nucleic acid integration sites by in situ hybridization, we increased the sensitivity of the technique.
High-specific-radioactivity SV40 [1251]cRNA (2 x (14) . Form I SV40 DNA from strain C908 was purified from lytically infected A19 cells by the method of Hirt (19) . E. coli RNA polymerase was purified by the method of Mangel (26) Blot hybridization. High-molecular-weight cellular DNA was purified by modification of the method of Blin and Stafford (1) and digested by EcoRI, BamHI, and BglII (5) . The cleaved DNA was fractionated by electrophoresis for 22 h at 50 V in 0.7% agarose slab gels in Loening's buffer (25) . The DNA fragments were transferred to nitrocellulose (34) and hybridized with 32P-labeled, nick-translated SV40 DNA (7.1 x 107 dpm/pg) in Sx SSPE, 50% (vol/vol) formamide, Sx BFP, 100 pLg of sonicated, denatured calf thymus DNA per ml, 50 p.g of poly(A) per ml, 1 mM CTP, and 0.3% (wt/ vol) sodium dodecyl sulfate at 35°C for 36 h. After hybridization, nitrocellulose filters were washed in two changes of 5 x SSPE-50% (vol/vol) formamide-lx BFP-10 p.g of poly(A) per ml-0.3% (wt/vol) sodium dodecyl sulfate at 35°C for 1 h each and then in several changes of 2x SSPE-0.2% (wt/vol) sodium dodecyl sulfate at 50°C. Hybridized bands were visualized by autoradiography.
In situ hybridization. The in situ hybridization procedure used was a modification of the procedures described by Steffensen (35) and Szabo et al. (37) . Slides were pretreated (4), and metaphase chromosome spreads were prepared as described by Cote et al. (9). Slides were preincubated in 2x SSC at 70°C for 30 min (2), and endogenous RNA was removed by digestion with 0.1 mg of RNase A per ml in 2 x SSC at 37°C for 1 h. Prehybridization buffer composed of 2 x SSC, 50% (vol/vol) formamide, 10 mg of iodinated E. coli rRNA per ml, 1 mg of poly(A) per ml, 10 mM KI, and lOx BFP was overlaid on the cells, and the cells were covered with a glass cover slip. The slides were incubated in a buffersaturated atmosphere within a sealed plastic bag at 35°C for at least 2 h, washed in 2 x SSC, and dehydrated with ethanol. After acetylation of the slides with acetic anhydride (18), the DNA was denatured by heating the slides in 2x SSC-70% (vol/vol) formamide-10 mM KPO4 (pH 7.0) at 70°C for 10 min, followed immediately by dehydration in ice cold 70% (vol/vol) ethanol in water. SV40 [125I]cRNA in in situ hybridization buffer was applied over the cells, the cells were covered with a glass cover slip, and the slides were incubated as described above for 2 to 4 days. After hybridization, the cover slips were floated off the slides in 2 x SSC-50% (vol/vol) formamide-0.1 M KI at 35°C. The slides were washed in 2x SSC-50% (vol/vol) formamide at 35°C for 1 h, rinsed in 2x SSC, and treated with RNase as above. After washing in a large volume of 2x SSC, the slides were dehydrated with ethanol, air dried, and autoradiographed with Kodak NTB emulsion (15 (Fig. 3b) . The cytogenetic of the SV40 DNA integration sites was deterrr following way. The relative position of indiv grains was measured directly from photograpi ments. Because the size of the silver grains va caritly, the distance from the end of the chromo center of each grain was used to assign the grain of the chromosome. Grains that did not appear d the chromosome were projected to a position pe to the horizontal axis of the chromosome. The grains appearing over human chromosome 7 was function of their map position, resulting in the shown in Fig. 4 . In both the cl. 10 analyzed, as an internal control, the accumulation of silver grains over the metacentric marker chromosome. This allowed us to estimate, quantitatively, the background labeling, since SV40 nucleic acid sequences do not hybridize to mouse DNA (5) . Silver grains were scored over this chromosome and plotted as described above (Fig. 5 ). An (23) . [1251] cRNA obtained by in vitro transcription of the viral genome would therefore be comprised in part of human-specific nucleic acid sequences that could hybridize at equivalent positions on chromosome 7 in the two hybrid cell lines, resulting in identical cytogenetic localizations. This possibility was eliminated since no hybridization was detected between our SV40 DNA and the BglII-cleaved LN cell DNA. The observation of a significant autoradiographic signal over position 7q31, i.e., 20-fold higher than background, also implied that the probe was specifically hybridizing to a chromosomal DNA sequence at this site. The symmetrical distribution of grains around this site can be interpreted as arising from the random isotopic decay of [125I]cRNA hybridized to this chromosomal locus.
In addition, the kinetics of appearance of silver grains over this chromosomal site was found to be consistent with the kinetics of hybridization of SV40 cRNA sequences to SV40 DNA.
Current evidence implies that the integration of viral DNA into the genome of transformed cells results from an apparently nonspecific genetic recombination event. Such studies, however, are complicated by the possibility that the primary integration arrangement may be modified by secondary rearrangements that may occur during cell growth (7, 31) . One way to resolve the question of the specificity of integration at the cytogenetic level is to map the primary locus of integration in transformed cells before any secondary rearrangements could occur. The data presented here indicate that such experiments are now possible with in situ hybridization.
The use of in situ hybridization for the localization of minimally reiterated gene sequences on mammalian diploid chromosomes has been, until recently, limited by technical problems. This limitation can primarily be attributed to the requirement for probes of extremely high specific radioactivities (>109 dpm/,ug) to obtain a detectable autoradiographic signal at a specific genetic locus. For example, to map a single integrated copy of the SV40 genome in situ with a hybridization efficiency of 2% and an iodinated RNA probe of 3.5 x 109 dpm/,ug would require a minimum autoradiographic exposure of 52 days to obtain an average of 3 silver grains at the integration site. Techniques for directly labeling purified RNA species with 1251 typically yield probes of 1 x 108 to 2 x 108 dpm/,ug (8, 29) . To obtain a probe of 3.5 x 109 dpm/l,g would require that every cytidine residue in the nucleic acid be labeled. Our approach to solving this technical problem was to synthesize high-specific-radioactivity
[1251]CTP (2,000 Ci/mmol) and to use the [125I]CTP in an in vitro transcription reaction to prepare 125I-labeled cRNA with a specific radioactivity of 2 x 109 to 3 x 109 dpm/p.g. If similarly prepared [125I]UTP were used as well, the specific radioactivity could be doubled.
The use of extremely high-specific-radioactivity, nucleic acid probes for the localization by in situ hybridization of minimally reiterated genes of high base sequence complexity presented a new technical problem. Because of the high Crt values required to achieve saturating hybridization in situ, greater than 106 cpm must be applied to each slide, and hybridization must be allowed to occur for several days. The large amount of radioactivity applied to each slide can result in prohibitively high levels of nonspecific background labeling if standard in situ hybridization procedures are used. To minimize the background, we modified the standard hybridization procedure by including pretreatment of the slides (4), acetylation of the cytological preparations (18) , and the addition of BFP (14) and iodinated nucleic acid carriers to the hybridization buffers. Although we have used this procedure to study viral transformation, the modified techniques we have developed may easily be adapted to map on diploid chromosomes any cloned nucleic acid sequence that can be propagated in a recombinant DNA vector. 
